The Urban roads constitute about 9.0 % (4.11 lakh kms) of the total road length in India. The urban roads especially in metropolitan cities carry a huge traffic volume which affects the road condition adversely. The other factors responsible for poor roads in urban areas are the problem of overloading, encroachment on the road land and ribbon development along road side, lack of attention to drainage which may lead to failure of pavement, and various utility services which necessitate frequent digging thereby disturbing homogeneity of pavement. Therefore, there is a need of an efficient Urban Pavement Maintenance Management System (UPMMS) which would be useful to the highway agencies in planning pavement maintenance strategies in a scientific manner for urban cities, to ensure rational utilization of limited maintenance funds. This paper describes the adaptation of the World Bank's highway development and management model HDM-4 at the strategic level. Urban road network of 21 sections, consisting of total 60 km road length of Noida city, near New Delhi, capital of India, were analyzed. The analysis was carried out to maximize the net present value (NPV) and minimize the costs to achieve a desirable target international roughness index (IRI). The analysis results presented the need for the optimal capital and recurrent maintenance required to maintain the urban road network in serviceable condition. The urban roads can be managed and maintained effectively using the strategy application of HDM-4.
Introduction
Pavement management systems have improved significantly and implemented effectively in developed countries, but developing countries like India still needs a systematic approach to implement PMS efficiently. Today, highway administrators have number of tools or mechanisms that allow them to make a better use of the available resources for the M&R of highway pavements but are not acceptable globally. Hence, these tools are lacking in universal acceptance and implementation. The World Bank has developed Highway Development and Management System (HDM-4) which is an internationally recognized tool available for making timely and cost effective maintenance management decisions for urban road network. HDM-4 system could be implemented to assist the highway agencies for establishing realistic levels of funding, and to set levels and priorities to maximize the effectiveness of expenditure on pavement maintenance activities. Therefore, HDM-4 system has been selected and used in this study due to the wider international acceptance.
Overview of HDM-4
The Highway Development and Management System (HDM-4) system has been developed after a series of studies carried out in different countries of the world. Though initiated by World Bank in the late sixties, many leading research institutions of the world have contributed immensely in its development during last three decades. Following are the three main areas of analysis in HDM-4 which can be undertaken using the following applications (Morosiuk et al. 2006 ): Project analysis, Programme analysis and Strategy analysis:
i. Project Analysis: Project analysis is concerned with the evaluation of one or more road projects or investment options. It includes the appraisal of M&R options for existing roads, widening or geometric improvement schemes, pavement upgrading, new road construction, etc. ii. Programme Analysis: Programme analysis is concerned with the preparation of work programmes in which candidate investment options are identified and selected, subject to resource constraints. Road networks are analyzed section by section and estimates are produced of road works and expenditure requirements for each section over a funding period. Programme analysis may be used to prepare multiyear rolling work programmes. iii. Network Strategy Analysis: Strategic planning is concerned with the analysis of a chosen network as a whole. A typical application is the preparation of long range planning estimates of expenditure needs for road network development and maintenance under different budget scenarios. Estimates are produced for expenditure requirements for medium to long term periods of between 5 to 40 years.
Literature Review
Urban maintenance management system has been developed at network-level and project level for urban cities in developed countries (Battiato et al. 1994 , Chen et al. 1994 & Sohail et al. 1996 . At a later stage, Highway Development and Management (HDM-4) analysis tool, developed by the International Study of Highway Development and Management (ISOHDM), was available which was a comprehensive package used to evaluate pavement condition, to suggest optimum M&R strategies, to prepare road maintenance investment plan, and to carry out economic appraisals of road projects. The budget requirements and prediction of pavement performance by applying the strategy analysis of HDM-4 has been presented for low-volume roads (Veeraragavan & Reddy 2003) . The relationship between optimal pavement design and maintenance strategy and the level of economic development (LED) were investigated using HDM-4 (Tsunokawa & Ul-Islam, 2003) . The 'Project Analysis' and 'Programme Analysis' applications of HDM-4 has been used to develop the Pavement Maintenance System (PMS) for Indian National highways after due calibration of the deterioration models & Jain el al. 2004 . The HDM-4 tool was also applied after due calibration to develop maintenance plan for the Washington State Department of Transportation's (WSDOT's) road network (Li et al. 2005 ) and for Iran (Fakhri & Rooeinbakht 2004) . A web-based tool for The Western Cape Provincial Administration (WCPA) in South Africa was developed that allowed a user to obtain an HDM4 Version 2 workspace that is to be used in the LCCA (Burger & Gryp 2008) . Strategic analysis application of HDM-4 was adapted to derive optimal capital and recurrent maintenance needs to clear existing maintenance backlogs and thereafter keep the local road network of UK in good condition on a sustainable basis (Odoki et al. 2012) . The prioritization of pavement sections for maintenance, a key component of PMS, can be done using HDM-4 on the basis of Net Present Value by Agency Capital Cost (NPV/CAP) value (Shah et al 2014) .
Objectives of the study
The main objectives of this study are:
i. To apply HDM-4 strategic analysis to a network of selected urban roads of Noida City, and ii. To determine the required funding levels for the defined maintenance and improvement standards on the basis of two criteria: (i) maximizing the NPV and (ii) minimization of the costs to achieve target international roughness index (IRI).
Illustrations
NOIDA city is considered to be one of the most modern cities of Uttar Pradesh state of India, located about 20-kilometre southeast of New Delhi. The study area included 21 urban pavement sections, constituting a total length of 60 km of NOIDA city. The details of these road sections are given in Table 1 . Data collection for all pavement sections was aimed to meet the requirements of HDM-4 input system. The process of data collection was classified under following three categories:
The road network data collection in the field included road Inventory data and road geometric details, structural evaluation (structural capacity), functional evaluation (pavement condition and riding quality) and evaluation of pavement material. The characteristics of selected road sections are presented in Table 2 . (ii) Vehicle Fleet Data: The vehicle fleet data included the collection of basic vehicle characteristics, economic cost details of vehicles and traffic volume count & growth factors. The vehicle fleet characteristics are presented in Table 3 for motorized vehicles and in Table 4 for non motorized vehicles considered in this study. Table 5 presents the economic cost details for the selected vehicle categories. Maintenance and Rehabilitation Works History: This includes collecting the information about current surface thickness (mm) & Base thickness (mm), last reconstruction or new construction year, and last rehabilitation/resurfacing/preventive treatment year. 
'Strategy Analysis' Application of HDM-4
Considering the prevailing maintenance strategies, various maintenance and rehabilitation (M&R) alternatives proposed for this study with their intervention criteria's are given in Table 6 . The 21 representative sections are analyzed for the investment alternatives given in Table 6 .The routine maintenance has been considered as a base alternative for the analysis. The total damage area, which comprise of total area of cracking, raveling and pothole has been considered to be the primary controlling factor for activating resealing of pavement surface. Roughness has been considered to be the primary controlling factor for activating provision of overlays and strengthening of the pavement. The strategic analysis has been carried out for the selected urban road network. The analysis is carried out to maximize the NPV or minimize the costs to achieve a desirable target IRI, which means the maximum IRI at or below which the network is to be kept. The project period has been considered to commence from the year 2014. The economic analysis has been carried out for a design period of 10 years considering a discount rate of 12%. The analysis has been done using the M&R standards same as that used for LCCA.
Maximize NPV
On analyzing the sections under strategy analysis to maximize the NPV, an unconstrained work program has been generated through HDM-4. Table 7 shows the results of the strategy analysis to maximize NPV with the total cumulative cost for maintenance and the alternatives with the highest NPV. From Table 7 it is seen that the investment alternative that maximizes the NPV for sections UR 09, UR 10, UR 13, UR 17 & UR 19 is 'Thin Overlay of 25 mm SDBC' and for section UR 06 & UR 20 is 'Thick Overlay of 40 mm BC'. For remaining 13 sections the 'Strengthening with 50 mm DBM + 40 mm BC' was the one that maximizes the NPV. The total capital cost required has been estimated as Rs. 643.96 million. 
Minimization of costs to achieve target IRI
On analyzing the urban road network with the criteria of minimizing costs for a target IRI, HDM-4 produced a constrained program as given in Table 8 . From Table 8 it is seen that for all 21 sections, the 'Strengthening with 50 mm DBM + 40 mm BC' is the best investment alternative because it keeps the entire road network at an acceptable condition, as shown in Figure 1 . The total capital cost for this option is estimated as Rs. 720.91 million. 
Conclusions
The selection of the best maintenance alternative and forecasting the maintenance budget requirement for a selected road network depend on the criteria that a planner adopts. The planning criteria may be maximizing the NPV or keeping the average road network in an acceptable condition. The following conclusions have been drawn from the analysis:
-When the criterion of maximizing NPV has been used, the 'Thin Overlay of 25 mm SDBC' maintenance results in maximum (NPV) for sections UR 09, UR 10, UR 13, UR 17 & UR 19 and for section UR 06 & UR 20 is 'Thick Overlay of 40 mm BC'. For remaining 13 sections the 'Strengthening with 50 mm DBM + 40 mm BC' was the one that maximizes the NPV. -When the criterion of minimizing costs for target IRI was considered, the 'Strengthening with 50 mm DBM + 40 mm BC' is the best investment alternative because it keeps the entire road network at an acceptable condition.
The HDM-4 strategic analysis can serve as a customized economic evaluation tool in forecasting budget requirements and network condition and can be used for managing urban roads on the basis of sound engineering principles. 
